ABSTRACT: N-(2-cyclohexenyl)-substituted thioamides, thioureas and dithiocarbamates were prepared. Their stereospecific cyclisation with the bromine-dioxane complex or iodine yielded the 2-substituted derivatives of (3aRS,7SR,7aRS)-7-bromo(or iodo)-3a,4,5,6,7,7a-hexahydrobenzothiazole, the configuration of which has been determined with the aid of 1D and 2D-NMR spectra. Stereochemistry of the heterocyclisation reaction was discussed.
INTRODUCTION
The electrophilic cyclisation of unsaturated compounds containing heteroatoms, such as nitrogen, oxygen and sulphur, is rapidly gaining importance as a method for regio-and stereoselective synthesis of heterocyclic, usually bioactive natural products (1). In particular, this concerns thioamides and their olefinic derivatives (2) .
Depending on their structure, unsaturated thioamides can undergo heterocyclisation to yield derivatives of A 2 -thiazoline (3), pyrrole (1,2) and thiophene (2) . Although some elements of stereochemical investigations are to be found in most of the quoted papers, no comprehensive studies have been presented as yet. were converted into free bases by the action of sodium hydrogen carbonate as reported earlier (6), 6a-c and 8a-c decomposed in an alkaline medium (9,10).
There are three methine signals in the δ 3.8-4.6 ppm range in the 1 H-NMR spectra of 6a-10c, but close overlapping makes unambiguous assignments difficult. Since the heterocyclisation process is capable of yielding two conformers (Fig.1) , the broad singlet at 4.29 ppm that appears in the spectrum of 9a may be assigned to the equatorial proton at either carbon C3a (structure A) or C7 (structure B). The problem was solved with the aid of 1 3c-NMR spectroscopy by comparing the chemical shift (11) of carbon atoms bonded to bromine in 9a and iodine in it's iodo-analogue 9e ( Table 1 ). In that way we came to the following 13c assignments for the heteroatom-bonded carbon atoms: =N-C (75.89 ppm), -S-C (60.70 ppm), Br-C (56.26 ppm).
Consequently, it was possible to make assignments for all signals in the 1 H-NMR and 1 3C-NMR spectra and to identify the compounds 6a-10c as the A conformers (Fig.1 ). The coupling constants JH7aH7 and ^H3aH7a for a " were calculated with a computer program for NMR spectra simulation (12) ( Table 2) , while the Karplus equation in the Haasnoot modification (13) was used in calculating the torsion angles from the coupling constants. Some values illustrating these calculations are cited in Table 2 . All the NMR data indicate a trans conformation of the essentially axial H7a-H7 protons, a cis conformation of the H3a-H7a protons, and an equatorial position of the H3a proton; the nitrogen and sulphur atoms are cis to one another whereas sulphur is trans to the equatorial bromine atom (structure A).
There is, therefore, every reason to assume that the halogen-induced (bromine, brominedioxane complex or iodine) conversion of the /V-cyclohexenyl derivatives 2a-f, 2g, 4a-c and 5a-c into the corresponding hydrohalides of A 2 -thiazoline 6a-h, 7a-c and 8a-c proceeds via frans-cyclisation and c/s-annulation (Scheme 2). High stereoselectivity of the process with respect to the H3a-H7a and H7a-H7 proton pairs ( Fig.1) is presumably determined by the transition state in which the donor (sulphur atom bearing electron pair) and the acceptor (the halogen) synchronously act on the fra/7S-7t-electrons of the cyclohexene double bond.
In the transition state, the position of the H3a proton is strictly defined and the H7a and H7 protons are coplanar with the planar fragment of the cyclohexene ring. Electrophilic splitting of the double bond and heterocyclisation take place synchronously in the next stage. The H7a and H7 protons are therefore positioned transoid to one another, the inverse trans-positions being occupied by the donor and acceptor atoms, i.e., by sulphur and halogen, respectively. 
EXPERIMENTAL PART
Melting points were determined on a digital apparatus Elektrothermal model IA9300 and are uncorrected. Infrared spectra of compounds 3, 4a-c, 5a-c, 6a-h, 7a-c, 8a-c, 9a-e, lOa-c were taken with a Specord M80 instruments in KBr pellets, of compound 1 as a film and those of compounds 2a-g, 11 in a CCI4 solution (C=0.25 mol/dcm 3 , layer thickness = 0.11mm). 1 H NMR spectroscopic measurements for compounds 2a-f, 3, 4a-c, 5a-c, 6a-g, 7a, 9a-d, 10a and the 1D-13 C NMR and 2D-1 H, 1 H (COSY), 1 H, 13 c (COSY) spectroscopic measurements for compound 9a were performed on a Varian Gemini 300VT apparatus (300 MHz) in CDCI3 or DMSO-dg with TMS as internal standard. 1Η NMR spectroscopic measurements for compounds 1, 2g, 7b, 7c, 10b, 10c were performed on a Bruker MSL (300 MHz) spectrometer and for compound 6h on a Bruker DPX (400 MHz) spectrometer in CDCI3 or DMSO-de with TMS as internal standard. 13 C NMR spectra for compounds 1, 3, 9e were obtained on a Brucker AC (200 MHz) spectrometer using CDCI3 or DMSO-dg with TMS as internal standard. All determined coupling constants were confirmed by computer simulation of NMR spectra using the NMRSIM 2.4 program (12) . Analytical data were satisfactory (0.3% for C,N,S) for all compounds. 
2-Cyclohexenyl isothiocyanate i:

M-(2-Cyclohexenyl)-S-(2-cyclohexenyl)-dithiocarbamate 3
To a water-cooled mixture of 2-cyclohexenyl isothiocyanate 2.92 g (0.021 mole) and 2-cyclohexenyl mercaptan (0.021 mole), two drops of triethylamine were added as a catalyst. The mixture was then left standing 2 days at room temperature. After which time product was purified by column chromatography on Si0 2 with benzene-hexane 4:1 and recrystallized from hexane-ethyl acetate (4:1). Yield 73%. 
